Adult studies have shown that exercise may unmask abnormalities of left ventricular contractility not detected at rest.' 2No such information exists for children. There are few data concerning the assessment of left ventricular contractility at rest in normal children, and in those with congenital heart disease. [3] [4] [5] [6] Computer analysis of high-fidelity catheter pressures readily allows measurement of indices of contractility, such as maximum dP/dt, Vmax, and Vpm, the normal resting values of which in children have been published.35 By combining the pressure tracing with a simultaneous M-mode echocardiogram measuring left ventricular volumes, Vcf and peak meridional wall stress may also be calculated.' 8 These indices may be used during exercise to assess the reserve capacity of patients' ventricular functional performance. Though the use of indices of contractility has been questioned,9
proponents of other methods of assessment have failed to show any superiority for their techniques.
plus volume overload group (n =3); congestive cardiomyopathy (n = 1); previous resection of a left ventricular outflow tract obstruction with no residual gradient (n=l). The day before catheterisation, each patient underwent a simple upright progressive stress test on an electronically braked cycle ergometer (model AM368, 368, Elema-Schonander, Stockholm, Sweden) as described by Godfrey et al. 10 The maximum upright workload achieved and maintained for one minute (kilogram metres) was used as the basis for the exercise period during catheterisation. The mean workload achieved was 876 (kg m) ±300 (SD) (range 500 to 1400). This workload corresponded to 97 ±15 per cent of that predicted (range 75 to 127 per cent).
On the day of catheterisation the patients were only mildly sedated (meperidine 1-0 to 1-5 mg/kg and diazepam 0-2 to 0 3 mg/kg by mouth) in order to be able to perform ergometer exercise. The right antecubital fossa was anaesthetised with 2 
Results

MAXIMUM DP/DT
The values for maximum dP/dt at rest (Fig. 3) showed a small separation, which reflected the patients' haemodynamic abnormalities. The patients with left ventricular pressure overload and pressure plus volume overload had the highest values, while those with left ventricular volume overload and muscle dysfunction had lower values. The responses to exercise showed further separation than at rest. The rise from rest to 25 per cent maximal upright workload and from 25 to 50 per cent was significant (p < 0.01) in both the patients with aortic stenosis and those with coarctation.
To allow for differing initial values, the percentage changes from resting measurements were calculated (Fig. 4) . The patient with cardiomyopathy (case 20) showed only a small increase from the resting to the 25 per cent level; all other patients had larger increases. At the 50 per cent level, the same case showed a decrease to below the resting value, whereas other patients showed an increase of at least 65 per cent above it.
VPM
The resting values for Vpm (Fig. 3) were closely grouped. As the exercise level increased there was a wider separation of values, with the increases in the aortic stenosis and coarctation groups significant at the p < 0-02 and p < 0 001 level, respectively, for the interval from rest to 25 per cent of maximum upright workload. group.bmj.com on May 29, 2017 -Published by http://heart.bmj.com/ Downloaded from sistently maintained higher levels of peak wall stress. The combination of left ventricular pressure and volume overload did not give intermediate values as with Vmax, Vpm, and maximum dP/dt, the haemodynamic disturbances appearing to be additive, giving this group the highest values of peak wall stress. The large increase in this group occurred in association with increased left ventricular end-diastolic pressure, and decreased oxygen supply: demand ratio. The myocardium in case 20 maintained low peak wall stress values. This was associated with an unchanged systolic blood pressure and lower than expected cardiac output with exercise.
Discussion
The purpose of this study was to investigate the feasibility, safety, and potential value of a combined high-fidelity catheter and echocardiographic technique to assess left ventricular contractility during supine ergometer exercise in children with leftsided cardiac lesions. This was carried out in 21 patients, in none of whom were there complications related to the presence of the catheter in the left ventricle during exercise. While the number of patients is still small, the technique appears safe, and may provide valuable additional information which will be helpful in the assessment of the functional reserve capacity of the left ventricle in children either before or after operation.
CONTRACTILITY INDICES AT REST:
MAXIMUM DP/DT, VPM probably was minimal during the initial phase of contraction. In contrast, the indices Vpm and peak wall stress do not depend on an isovolumic contraction period, but are still dependent on geometric considerations.8
The normal value for maximum dP/dt is 1410 +50 mmHg/s.4 Our patients with pressure overload and pressure plus volume overload had values higher than this (Fig. 3) . The dP/dt values in the left ventricular volume overload group and in cases 20 and 21 were below normal, similar to Jarmakani's patients with ventricular septal defect and unobstructed right ventricular outflow. Our findings may confirm Jarmakani's suggestion that the volume-overloaded left ventricle has impaired contractility.
The normal value for Vpm,4 1 30 ±0 05/s, was exceeded at rest by the left ventricular pressure and pressure plus volume overload patients (Fig. 3) . Again, the patients with volume overload, as well as those with congestive cardiomyopathy (case 20) and postoperative left ventricular outflow obstruction (case 21), had decreased values, in the same range as Jarmakani's patients with volume overload. The values for Vmax for our patients with pressure overload were at or only slightly above the normal value,4 1 50 ±0 09/s, derived from total left ventricular pressure (Fig. 3) . The other patients had lower values, similar to the decreases shown for maximum dP/dt and Vpm.
EXERCISE RESPONSES:
MAXIMUM DP/DT, VPM, VMAX There are no data for normal children during exercise for any of the left ventricular indices of contractility measured. Because of the availability of sophisticated non-invasive precatheter assessments, that is M-mode and cross-sectional echocardiography, we have not catheterised any patients with trivial heart disease or none at all.
Our patient with cardiomyopathy had the greatest impairment of left ventricular function of all those studied; his ability to increase contractility in response to supine exercise was limited (Fig. 3 and 4) . Previous reports of exercise studies in healthy volunteer adults have shown increases in contractility during isotonic exercise,3 14 and impairment in contractility in patients with acquired left ventricular dysfunction.' 2 We might expect that the increases in each of the other groups of patients is the more normal response. Whether, in fact, the patients with pressure overload, many of whom had a hypercontractile angiographic appearance, had exercise values for maximum dP/dt, Vpm, and Vmax which were above normal cannot be assessed as yet. In previous studies, patients with left ven-tricular hypertrophy had impaired contractility at rest15-17 and this may not persist during isotonic exercise; the added muscle mass may permit higher pressures and flows to occur in response to peripheral demand.
ECHOCARDIOGRAPHIC-DEPENDENT INDICES AT REST: VCF, PMWS
Each group of patients showed a separation of Vcf values consistent with that predicted from their haemodynamics. Vcf, however, has been shown to vary with rate and age.18 19 A value of 1 34 +0 03 circ/s has been considered normal for patients in this age group.20 Only our patient with cardiomyopathy (Fig. 4) had a value below that (1 -07 circ/s). The assumption that changes in contractility are reflected by changes in Vcf can only be valid if the change in heart rate after an intervention has been taken into account. We did not recalculate Vcf values for each patient because heart rates did not differ widely in our patients.
Peak meridional wall stress has been investigated in adults7 8 but in only a few children.6 The advantages of using an echocardiographic assessment of peak meridional wall stress include: the absence of the depressive effects of contrast material, the lack of any need to assume the long axis measurement, and the ease with which preoperative and postoperative measurements may be compared, measurements which are not dependent on the placing of epicardial markers. We observed neither eccentric left ventricular hypertrophy nor regional asynergy in any of our patients. There is evidence8 that peak meridional wall stress may be a more sensitive indicator of ventricular contractility than circumferential wall stress. 
